Structural elements affecting the recognition of L-isoaspartyl residues by the L-isoaspartyl/D-aspartyl protein methyltransferase. Implications for the repair hypothesis.
We have synthesized a series of L-isoaspartyl-containing (isoD) peptides and characterized their interaction with the human erythrocyte L-isoaspartyl/D-aspartyl protein methyltransferase (EC 2.1.1.77). Our findings indicate that this enzyme interacts with 6 residues extending from the isoD-2 to isoD+3 positions in peptide substrates. Although peptides as simple as G-isoD-G are methylated with low affinity (Km = 17.8 mM), a wide variety of L-isoaspartyl-containing sequences in larger peptides are recognized with high affinity (Km less than 20 microM), the best yet discovered being VYP-isoD-HA, with a Km of 0.29 microM. Only two sequence elements have been found that can interfere with the high affinity binding of peptides of 4 or more residues, these being a prolyl residue in the isoD+1 position and negatively charged residues in the isoD+1, isoD+2, and/or isoD+3 positions. We investigated the effect of higher order structure on binding affinity using several L-isoaspartyl-containing proteins. Although conformation did, in some cases, lower the affinity of the methyltransferase for L-isoaspartyl residues, the range of kinetic constants for the methylation of these proteins was similar to that observed with the synthetic peptides. The L-isoaspartyl/D-aspartyl methyltransferase has been proposed to function in vivo to prevent the accumulation of L-isoaspartyl residues that arise spontaneously as proteins age. To examine whether such a mechanism is feasible given the wide range of substrate Km values observed in vitro, we set up a computer simulation to model the degradation and methylation reactions in aging human erythrocytes. Our results suggest that enough methyltransferase activity exists in these cells to significantly lower the expected number of L-isoaspartyl residues, even when these residues have millimolar Km values for methylation.